Abstract-Pump technology is a proven technology in the world. The application and use of pumps today are universal. Modern public utilities, chemical plants, municipal water and sewage works, and other fields too numerous to mention would be seriously handicapped if these machines did not exit. An axial flow pump is widely used in water supply process and agricultural process and is designed for the application of high flow rate and low pressure. The axial flow pump includes the impeller rotating inside a casing of sufficient length and that ensures uniform incoming and outgoing flow. Thus, the impeller forces the liquid into a rotary motion by impeller action. This study relates to the impeller design of axial flow pump that can develop a head of 3 m and deliver 0.3 m 3 /s of water at the speed of 1000 rpm. In the design impeller, outlet diameter is 350 mm, entrance vane angle is 12.78˚ and discharge vane angle 14.19˚ at outlet diameter, the hub diameter is 175mm, entrance vane angle is 24.4˚ and discharge vane angle is 37.62˚ at hub diameter respectively. The number of blades is four. The clearance between impeller and pipe or casing is 0.35 mm. The designed axial flow pump can fulfill the requirements of agricultural process.
I. INTRODUCTION
umping may be defined as the addition of energy to a fluid to move it from one point to another or to raise it to the required height. The energy given to the pump case forces the fluid to do work flowing through the pipes rising to the higher level. The input power of the pump is mechanical energy of the drive shaft driven the prime mover such as electric motor or small engine and the output energy is the hydraulic. In industries, throughout the world, pumps play in a major role. Pumps are widely used for irrigation and are most common where pumping from surface water supplies such as river, lakes and streams and rising water to a higher level. Moreover, they are widely used in many other applications such as chemical plants, firefighting, hydraulic system, and so on.
II. COMPONENTS AND OPERATIONAL PRINCIPLE OF AXIAL FLOW PUMP
Axial flow pumps have a very large discharge and are best suited for irrigation purposes. Water enters the pump through the intake bell. It is discharged into the distributor section and then out the discharge elbow. Flowing in essentially a straight line along the pump axis keeps friction and turbulence to a minimum. The components of axial flow pump are rotating impeller, guide vane, casing, suction pipe, discharge pipe and shaft.
Fig. 1 Schematic Diagram of Axial Flow Pump and Impeller
The water from the sump well is sucked into the suction pipe in an axial direction, and passed through the runner vanes (impeller) and finally discharged through another set of guide blades into the delivery pipe. Suction pipe is essential to provide appropriate suction piping for securing proper pump operation. Head losses along the suction lines should be made minimal. The size of discharge piping must be selected so as to provide appropriate head losses. The shaft is to transmit power to the impeller while withstanding hydraulic thrust and weight of the rotating parts. The guide vane is a device which guides the flowing water. It sets up outlet from the impeller or enters from the suction pipe to be correct passage. By using vane in pump, it is obtained more efficiently that the pump without guide vane. www.ijsrp.org
III. DESIGN OF AXIAL FLOW PUMP'S IMPELLER
Now it is the time to articulate the research work with ideas gathered in above steps by adopting any of below suitable approaches: When the overall design of pump is considered, the shape of an impeller is the most important for optimum efficiency. Impeller design should be in such a way that, losses must be as low as possible. The design of a pump's impeller can be divided into two parts. The first is the selection of proper velocities and vane angles needed to obtain the desired performance with the best possible efficiency. The second is the layout of the impeller for the selected angles and areas.
The specifications of pump that will be designed are: 
A. Selection of Specific Speed and Suitable Pump Type
Specific speed is defined as the speed in revolutions per minute at which an impeller would operate if reduced proportionately in size so as to deliver one unit of capacity against one unit of total head. It is used to classify the type of impellers on their performance, and proportion regardless of their actual size or the speed at which they operate. It is mathematically expressed as 4 3 65 . 3
In this design, calculated value of specific speed based on required head and capacity is 877 rpm and it is within the range of high specific speed pump that is 400 and 1200. So, axial flow pump type that is high specific speed pump is chosen in this study.
B. Determination of Impeller Hub-Ratio and Blade Number
The ratio of impeller hub diameter and outside diameter, D h /D o can be determined based on specific speed. Thus, the impeller hub ratio is 603 0 8 26
(2) For the calculate value of specific speed 887 rpm, the hub-ratio, Table I , the number of blades can be selected based on N s and the hub ratio. Thus, the number of blades, Z is 4.
C. Determination of Input Power
The water horsepower can be determined by the following equation. gQH WHP ρ = (3) Then, the brake horsepower can also be determined by using the following equation.
Where, η o is overall efficiency of axial flow pump and it is taken as 0.85 in this study.
D. Prediction of Pump's Shaft Diameter
The shaft diameter at hub section of impeller is
Where, T is the torsional moment and it can be estimated by
Allowable shear stress of material of shaft, τis 24.5 MPa because the main shaft is made of S30C. The estimated shaft diameter will be increased about 20% because it is difficult to predict the bending moment at this time [7] . Thus, the estimated shaft diameter is 33 mm.
E. Determination of Impeller Diameters and Clearance
The impeller diameter can be determined by www.ijsrp.org The calculated impeller outside diameter can be checked up by using the following optimum diameter equations. Moreover, the impeller diameter, D can also be checked up the flow velocity equations.
Thus,
And then, the impeller diameter can be compared with the following diameter equations.
The maximum and minimum diameters are 0.308 m and 0.356 m respectively. Therefore, the impeller outside diameter for axial flow pump D o is taken as 0.35 m.
After selecting the suitable impeller outside diameter, inner diameter or hub diameter of impeller can be determined by the following equation. 
F. Impeller Radii, Chord Length and Blade Spacing
The radii of runner can divided into five cylindrical sections and these sections can be expressed by the following equations. www.ijsrp.org
Vane length called chord length (l) is one of the important factors affecting the head and the specific speed of axial flow turbine. The ratio of the vane area to the free area between the casing outer wall and the hub is referred to as solidity. However, the ratio of chord length and vane spacing (l/t s ) is used more frequently for the same purpose. The ratio l/t s varies along the radius, increasing toward the hub. The increase in l/t at the hub is desirable for mechanical reasons.
The allowable ratio l/t at the outside diameter of runner can be determined by the following relationship.
Where, K H is head coefficient and it can be expressed by the following equation.
( )
The relation between the values of l/t at the hub and at the outside diameter of the runner can be shown by the following equation. 
Where, t is the spacing between the adjacent vanes and it can be determined by the following.
G. Circulation Speed of Fluid Element ( Γ )
The total circulation around the blade of pump can be calculated by using Equation
Where, ω is angular velocity and it is expressed by
In this design, hydraulic efficiency of pump η hyd is taken as 0.85. The circulation speed per blade is
IV. RESULTS OF IMPELLER DESIGN
The simplified inlet and outlet velocities diagrams for the impeller are shown in Fig. 4 and Fig. 5 . For a fluid flowing through the rotating impeller, u is the tangential velocity, V is the absolute velocity and v is the relative velocity of a fluid particle to impeller rotation. The angle between V and u is αand the angle between v and u is β and it is the angle made by tangent to the impeller vane and a line in the direction of motion of the vane. The tangential component and radial component of absolute velocity V are V u and v z respectively. Results data of x and y coordinates for blade profiles of five sections are shown in Table V and VI. By using these results, detail drawings of blade profiles are shown in following figures. The designed pump is aimed to use in the application of agriculture process and water supply process which have about eight working hours per day and requires low head and high capacity. So, axial flow pump type is selected. The designed pump can develop a head of 3m and deliver 0.3m 3 /sec of water at 1000rpm. According to the design result, impeller has 14in (350mm) outlet diameter, 12.78˚entrance vane angle and 14.19˚discharge vane angle at outlet diameter and 7in (175mm) inlet diameter, 24.4˚entrance vane angle and 37.62˚discharge vane angle at inlet diameter respectively. The number of vanes is four. The clearance between impeller and pipe or casing is 0.01in (0.35mm). The design pump is used only to pump water at 70˚F and if very hot water is used this pump will be damaged. The designed axial flow pump can fulfill the requirements of agricultural process and then can improve pump efficiency.
